Abstract. In this paper we investigate Lie bialgebra structures on a twisted Schrödinger-Virasoro type algebra L. All Lie bialgebra structures on L are triangular coboundary, which is different from the relative result on the original Schrödinger-Virasoro type Lie algebra. In particular, we find for this Lie algebra that there are more hidden inner derivations from itself to L ⊗ L and we develop one method to search them. In order to investigate the free Schrödinger equations, the original Schrödinger-Virasoro Lie algebra was introduced by [5] in the context of non-equilibrium statistical physics. It is the first case of this type Lie algebras. Since then there appeared some other cases, whose structure and representation theories were investigated in the corresponding references. All the cases of the Schrödinger-Virasoro type Lie algebra are closely related to the Schrödinger algebra and the (generalized) Virasoro algebra, which play important roles in many areas of mathematics and physics. The twisted deformation of the original one was introduced by [14] , whose representation theory and cohomological theory were investigated there and its derivation algebra and automorphism group were determined in [7] . The Harish-Chandra modules and those of intermediate series on both original and twisted cases were partially classified in [6] . The deformative cases of the Schrödinger algebra were introduced in [18], whose 2-cocycles were completely given in [9] . The extended case of this type algebra was also introduced in [14] , whose structure theory were considered in [3] . Generalized Schrödinger-Virasoro algebras were introduced in [17] and their automorphisms also Verma modules were studied and completely determined there. Recently, the Whittaker modules and bialgebra structures on the original case were investigated respectively in [24] and [4] . Now we introduce the Schrödinger-Virasoro algebra L, which is an infinite-dimensional Lie algebra over the complex field C with basis {L n , W n , Z n | n ∈ Z} and the following nonvanishing Lie brackets:
§1 Introduction
In order to investigate the free Schrödinger equations, the original Schrödinger-Virasoro Lie algebra was introduced by [5] in the context of non-equilibrium statistical physics. It is the first case of this type Lie algebras. Since then there appeared some other cases, whose structure and representation theories were investigated in the corresponding references. All the cases of the Schrödinger-Virasoro type Lie algebra are closely related to the Schrödinger algebra and the (generalized) Virasoro algebra, which play important roles in many areas of mathematics and physics. The twisted deformation of the original one was introduced by [14] , whose representation theory and cohomological theory were investigated there and its derivation algebra and automorphism group were determined in [7] . The Harish-Chandra modules and those of intermediate series on both original and twisted cases were partially classified in [6] . The deformative cases of the Schrödinger algebra were introduced in [18] , whose 2-cocycles were completely given in [9] . The extended case of this type algebra was also introduced in [14] , whose structure theory were considered in [3] . Generalized Schrödinger-Virasoro algebras were introduced in [17] and their automorphisms also Verma modules were studied and completely determined there. Recently, the Whittaker modules and bialgebra structures on the original case were investigated respectively in [24] and [4] . Now we introduce the Schrödinger-Virasoro algebra L, which is an infinite-dimensional Lie algebra over the complex field C with basis {L n , W n , Z n | n ∈ Z} and the following nonvanishing Lie brackets:
given in [13] . In this paper we shall investigate Lie bialgebra structures on L. Compared to the case considered in [4] , it is more complicated according to the different basis and brackets between them and interesting based on the analysis presented above. Some relative definitions and concepts on Lie bialgebras are collected and presented here. For any vector space L, denote ξ and τ respectively the cyclic map of L ⊗ L ⊗ L and the twist map of L ⊗ L, which imply ξ(
Based on them, one can reformulate the definitions of a Lie algebra, a Lie coalgebra and furthermore a Lie bialgebra as follows.
For a vector space L and two bilinear maps δ : L ⊗ L → L and ∆ : L → L ⊗ L, the pair (L, δ) becomes a Lie algebra if the following conditions satisfy:
and the pair (L, ∆) becomes a Lie coalgebra if the following conditions satisfy:
And then the triple (L, δ, ∆) becomes a Lie bialgebra if (L, δ) is a Lie algebra, (L, ∆) is a Lie coalgebra, and the following compatible condition holds:
where the symbol "·" to stand for the diagonal adjoint action:
Denote 1 the identity element of U, which is the universal enveloping algebra of L. For any r = i a i ⊗ b i ∈ L ⊗ L, we introduce the following notations
Then we can define c(r) to be elements of U ⊗ U ⊗ U by (1.4) 6) and Inn(L, V) the set consisting of the derivations v inn , v ∈ V, where v inn is the inner deriva-
where H 1 (L, V) is the first cohomology group of the Lie algebra L with coefficients in the
The main result of this paper can be formulated as follows. Throughout the paper we denote by Z * the set of all nonnegative integers and C * the set of all nonnegative complex numbers. For any subset Ω of Z, denote Z\Ω = {x ∈ Z | x / ∈ Ω}. Firstly, the results of the following lemma can be found in the references or obtained by using the similar arguments as those given therein (e.g. [1, 2, 13, 20]).
⊗n the tensor product of n copies of L and regard it as an Lmodule under the adjoint diagonal action of L. If x · r = 0 for some r ∈ L ⊗n and all x ∈ L, then r = 0.
(ii) r satisfies (1.4) if and only if it satisfies (1.5).
(iii) Let L be a Lie algebra and
and the triple (L, [·, ·], ∆ r ) is a Lie bialgebra if and only if r satisfies (1.4).
which holds in the sense that for every u ∈ L, only finitely many D α (u) = 0, and
This proposition follows from a series of claims.
For any n ∈ Z and
where all coefficients of the tensor products are in C, and the sums are all finite. For any n ∈ Z, the following identities hold,
Let Ω denote the set consisting of 9 symbols a, b, c, d, b
For each x ∈ Ω we define M x = max{ |p | x 1,p = 0}. Using the induction on x∈Ω M x in the above identities,
s ∈ Z\{0, 1} and t ∈ Z\{−2, 3}. Thus the expression of D 0 (L 1 ) can be simplified as
Comparing the coefficients of L i ⊗ L −i in the above identity, one has
which together with the fact that the set {i ∈ Z | a −1,i = 0} is finite, forces a −1,i = a −1,−1 +a −1,0 = 3a 1,−1 +3a −1,−2 +a −1,−1 = 3a 1,2 +a −1,0 +3a −1,1 = 0, ∀ i ∈ Z\{−2, ±1, 0}.
Similarly, comparing the coefficients of
for any i 1 ∈ Z, i 2 ∈ Z \ {1, 2}, i 3 ∈ Z \ {±1, 0, 2}, i 4 ∈ Z \ {−2, −1}, i 5 ∈ Z \ {−3, −2}, i 6 ∈ Z\{−3, −2, −1, 0}, i 7 ∈ Z\{−1, 0} and i 8 ∈ Z\{−3, 2}.
Based on the following facts
, and then assume b † −1,−1 = 0. Then
Meanwhile, one also can deduce the following identity: Similarly, one can obtain the following identities
Comparing the coefficients of the tensor products of the above formula, we can deduce
for all i 1 ∈ Z\ {−3, −2, 0, ±1}, i 2 ∈ Z\ {0, ±1}, i 3 ∈ Z\ {±2, ±1, 0}, i 4 ∈ Z\ {−3, −2, −1}, i 5 ∈ Z\{−4, −3, −2, −1, 0}, i 6 ∈ Z\{−2, −1, 0} and i 7 ∈ Z\{−4, −3, ±2, 1}.
0 , which combined with the relations obtained above, we can obtain the following identities:
Thus we can rewrite D 0 (L ±1 ) as follows:
Noticing that
and then replacing D 0 by D 0 − e −1,−1 (W 0 ⊗ W 0 ) inn , one can assume e −1,−1 = 0. According to the following identities,
and then replacing D 0 by
one can safely assume f −1,−3 = 0.
Remark (i) Judging from the appearance, it is hard to believe one can assume f −1,−3 = 0. We realize this by subtracting three inner derivations of both L −1 and L 1 continuously and simultaneously after a deep observation.
(ii) These inner derivations do not affect
And D 0 (L 2 ) can be rewritten as follows:
while D 0 (L −2 ) can be rewritten as follows:
From the above formula it follows that
for all i 1 ∈ Z\{±1, 0, 1, 2}, i 2 ∈ Z\{−1, 0}, i 5 ∈ Z\{1, 2} and i j ∈ Z for j ∈ {3, 4, 6, 7, 8, 9}.
Thus D 0 (W 1 ) can be rewritten as
Then D 0 (L ±1 ) and D 0 (L ±2 ) can be rewritten as follows: Then one can deduce
Thus we can rewrite 
It is easy to check that the following claim also holds for the algebra L here. 
